Adamantyl isothiocyanates are promising precursors for the synthesis of various biologically active compounds. Thioureas formed from adamantyl isothiocyanates are promising as soluble epoxide hydrolase (sEH, E.C. 3.3.2.10) inhibitors, 1 and as urokinase-type plasminogen activator (uPA, 3.4.21.73) inhibitors. 2 Moreover, thioureas can be readily transformed 3 into ureas, which find wide applications in medicinal chemistry. 4 Traditional methods for the preparation of 1-adamantyl isothiocyanate require corrosive or toxic reagents, including the reactions of 1-aminoadamantane with CS 2 and NaOH, 5 1-aminoadamantane with thiophosgene and CaCO 3 , 6 chloroadamantane with trimethylsilyl isothiocyanate and titanium(IV) chloride, 7 along with bromoadamantane with KSCN. 8 Modern methods involve the use of catalysts. 9 However, there is still no simple and effective method for the preparation of 1-adamantyl isothiocyanate and its analogues.
Previously, we reported the synthesis of a library of adamantyl ureas from the reaction of either 1-adamantyl isocyanate or its homologues with various amines or 1-aminoadamantane or its homologues with isocyanates and diisocyanates. 10 These reactions were carried out in the absence of base (Et 3 N, DIPEA). The reaction of 1-amino-3,5-dimethyladamantane 1 with phenyl isothiocyanate under similar conditions led to the formation of an unexpected mixture of products. 11 Along with the expected thiourea 2, formation of isothiocyanate 3 also took place (Scheme 1).
Scheme 1 Reaction in which the functional group metathesis was discovered. Reagents and conditions: (a) Ph-NCS (ratio 1:1 with 1), DMF, r.t., overnight, 12% (3).
Initially, the yield of 3 in this first reaction was 12%. We speculated that the course of the reaction is driven by the basicity of the medium and by the structure of the reactants, and we decided to study this reaction with 1-adamantylamine 4 and defined conditions that reduced the thiourea yield. The reaction course was not affected by temperature; stirring in toluene at r.t. overnight gave a small amount of adamantyl isothiocyanate 5 but no 1-(adamantan-1-yl)-3-phenyl thiourea 6 was detected. In nonpolar hexanes, the formation of adamantyl isothiocyanate was not observed. In fact, thiourea 6 precipitated in quantitative yield seconds after addition of the reactants and before heating was initiated. The highest yield for adamantyl isothiocyanate 5 (47%) was achieved at reflux for 3 h in p-xylene (Scheme 2). Furthermore, quantities of diphenyl thiourea and diadamantyl thiourea were detected in the reaction mixture. Initially, the proposed mechanism for the described reaction was based on the mechanism of urea formation described by Satchell and co-workers. 12 Formation of urea goes through the three molecular transition state formed by amine, isocyanate and base. In some cases, another molecule of amine could act as a base. However, trimolecular mechanisms are usually only suitable when one of the reactants is added in excess. A metathesis reaction was earlier investigated between phenyl isothiocyanates and sterically hindered aromatic amines by Habib and Rieker. 13 The authors stated that the reaction proceeds through the formation of the thiourea, followed by its thermal decomposition (190 °C). Thus, we proposed that thiourea 6 could be an intermediate in this reaction. To confirm this assumption, 1-(adamantan-1-yl)-3-phenyl thiourea 6 was synthesised according to a known method 14 and then heated at reflux in toluene for 8 hours, but no traces of the corresponding adamantyl isothiocyanate 5 were detected. Most likely, 110 °C is not high enough to result in thermal decomposition of the thiourea. This was also the situation after 6 was treated under the same conditions in the presence of 1 equivalent of 1-adamantylamine 4. However, heating thiourea 6 at reflux in toluene with 1 equivalent of phenyl isothiocyanate led to the formation of adamantyl isothiocyanate 5 with 95% yield (Scheme 3, b) . Another product of this reaction was diphenyl thiourea. Furthermore, this means that phenyl isothiocyanate can furnish adamantyl isothiocyanates from nonsymmetric thioureas (Scheme 4). This new mechanism requires the thiourea formed in the first step to be soluble in a selected solvent in order to react with phenyl isothiocyanate; in hexanes, the formation of adamantyl isothiocyanate 5 was not observed because thiourea 6 precipitated from the solution. Thiourea is reported to have isothiourea tautomers. 15 Moreover, the yield of adamantyl isothiocyanate cannot exceed 50% when the reagents are added in a 1:1 ratio. The proposed mechanism also explains the difference in yields between various conditions. In basic medium (DMF), most of the phenyl isothiocyanate was rapidly consumed in the formation of thiourea 2, and only 12% of it managed to react with thiourea to give isothiocyanate 3. In contrast, in nonbasic p-xylene, the formation of thiourea 2 was slowed and excess phenyl isothiocyanate could convert it into isothiocyanate 3 with 47% yield.
The next step was to determine the scope of this reaction. Firstly, aminoadamantanes containing two and three methyl substituents at the nodal positions, 1-amino-3,5-dimethyladamantane and 1-amino-3,5,7-trimethyladamantane, respectively, were reacted with 2 equivalents of phenyl isothiocyanate to give the corresponding isothiocyanates 3 and 7 with 80% and 75% yield (Table 1) . Next, the influence of the distance between amino and adamantane groups was studied. For this purpose, aminoadamantanes with aliphatic spacers between the amino group and adamantane, 1-(aminomethyl)adamantane,1-(2-aminoethyl)adamantane and 1-(1-aminoethyl)adamantane were used. 2-Aminoadamantane used in the preparation of isothiocyanate 11 behaved like 1-aminoadamantane.
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Table 1 Functional Group Metathesis Reaction between Adamantyl Amines and Phenyl Isothiocyanate
We also examined whether a similar reaction took place when the isothiocyanate was replaced by an isocyanate. Replacement of phenyl isothiocyanate with phenyl isocyanate led to the formation of the corresponding urea in quantita- 
Letter Syn Open
tive yield. Thiourea was the only product formed when the adamantyl amine was replaced with an aliphatic amine (ethyl, i-propyl, tert-butyl, hexadecyl or octadecyl amine). This probably happens due to the higher basicity and thus rapid interaction with phenyl isothiocyanate of aliphatic amines and impossibility of thermal decomposition of thioureas under the reported conditions. Consequently, when aliphatic diamines (1,2-ethanediamine, 1,3-propanediamine, 1,4-butanediamine and 1,6-hexanediamine) were reacted with phenyl isothiocyanate under the same conditions, 16 trace amounts of imidazolidine-2-thione, tetrahydropyrimidine-2(1H)-thione and 1,3-diazepane-2-thione, respectively, were obtained. These are the cyclisation products of 2-isothiocyanatoethan-1-amine, 3-isothiocyanatopropan-1-amine and 4-isothiocyanatobutan-1-amine. In the case of 1,6-hexanediamine, the corresponding thione was not detected.
In conclusion, a promising new method for the synthesis of isothiocyanates bearing the adamantane moiety was developed. The described method gives high yields under mild conditions without requiring additional catalysts. 
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